function changes (11, 12) , and inflammatory changes in the respiratory tract (13, 14) .
Data on emergency department (ED) visits have been used to examine the effects of a variety of air pollutants including particulates, ozone, sulfur dioxide, nitrogen dioxide, sulfate, and hydrogen sulfide (5) (6) (7) (8) (9) (15) (16) (17) (18) (19) (20) (21) . As health endpoints, ED visits have the advantages of reflecting an adverse health event of clear clinical significance, which at the same time is more frequent in occurrence than death or hospital admission. Conversely, abstracted ED visit data in a form amenable to analysis together with environmental exposure data are not widely available. In this study, we employed ED visit data that had previously been abstracted from clinical records for administrative and quality-of-care assessment purposes.
The primary objective of this study was to further examine the relationship between daily ozone concentrations and emergency department visits for asthma, including analysis of lag periods ranging from 0 to 3 days, assessment of the impact of other pollution and weather variables on the ozone effect, and examination of differences in effects between children and adults. Unique features of our analysis include an examination of the shape of the dose-response function and assessment of the impact of repeat ED visits on the strength of the association.
Methods
This study was Of all pollutants considered, only ozone exhibited a consistently positive association with asthma visit rates 2 days later, which was statistically significant (p<0.05) or borderline significant in all model forms (see Table 2 ). Compared to the linear model, the nonlinear models revealed stronget associations between both daily average and maximum ozone and asthma ED visits, based on the model pvalue. A plot of data collapsed into <30th percentile, 30-60th percentile, 60th_95th percentile, and >95th percentile for daily 1- hr maximum ozone concentration reveals the apparent nonlinearity of the ozone effect ( Figure 2) Figure 1 , which plots data for 1990, the year during which the greatest seasonal variability was observed. In Figure IA, Figure 3 , the rate of ED visits was slightly higher for adults than children, as was the proportional increase in visits when daily 1-hr maximum ozone concentration was above the 95th percentile (47% and 15%, respectively). In regression models, the association of ED visits with daily 1-hr mnaximum, as well as daily average ozone concentration, was statistically significant for adults but not for children (see Table 5 ).
Specificity of the ozone effect was assessed by examining the relationship between ozone and visits with respiratory presenting complaints other than asthma (cough, congestion, wheeze, shortness of breath, or difficulty breathing). This con- (7), and in Mexico City where pediatric asthma visits increased by 68% following 2 days on which the 1-hr maximum ozone concentration exceeded 10 ppb (8) . In other studies, however, ozone has not exhibited a significant association with respiratory or asthma visits (15) (16) (17) (18) (19) . While there are a variety of factors that may account for these differences, in Vancouver (15) and Barcelona (16, 18) , ozone levels were relatively low compared to other studies in which significant ozone effects were observed.
Effects of daily average and daily 1-hr maximum ozone concentration were similar in magnitude and statistical significance in our study. It has been suggested that a measure of maximum cumulative exposure such as the daily maximum 8-hr moving average may be more relevant than daily average measures in terms of cumulative exposure (26). White et al. (7) found a high correlation (r = 0.95) between daily 1-hr maximum and daily maximum 8-hr moving average ozone concentrations, as well as apparently similar effects on asthma visits. Romieu et al. (8) also found a high correlation (r = 0.91) between these two ozone metrics, and on this basis only examined the effect of daily 1-hr maximum concentration on ED visits. We found a high correlation of average ozone concentration between 8 A.M. and 8 P.M. with both daily 1-hr maximum (r = 0.85) and daily average (r = 0.94) concentrations. Results of regressions relating average ozone concentration between 8 A.M. and. 8 P.M. with asthma visits were consistent with results for the other metrics. The lack of a clearly stronger predictor of asthma visits among the three metrics probably reflects the high degree of collinearity.
In our study, a 2-day lag was observed between elevated ozone concentrations and increased asthma ED visits. In ED studies in New Jersey and Baton Rouge, Louisiana (5, 6, 9) , the strongest effects were for same day ozone concentration (i.e., lag 0 days), while in the Mexico City study, the best fitting model included ozone concentration (lag 1 day) (8) . In a study of air pollution and hospital admissions in Ontario (3), the largest ozone effects for all respiratory admissions were for lags of 1 and 2 days, while in a similar study in New York State (4), the largest effects differed by city and diagnosis, with the peak asthma admission effect at 3 days and 1 day in Buffalo and New York City, respectively. We were not able to detect an ozone effect for multiple lag periods, in contrast to other studies (3) (4) (5) (6) 8) . It is not clear why various studies differ with respect to the observed lag between ozone concentrations and asthma ED visits or hospital admissions, although possible factors include both methodological differences and differences in study populations, exposure characteristics, and outcomes studied (e.g., hospital admissions vs. ED visits).
To better understand the lag between exposure and effect in our study population, we conducted preliminary analyses of 3 months of enhanced ED data (JulySeptember 1994) being collected in a subsequent phase of this study, in which ED visitors were interviewed in detail both at the time of their visit and in follow-up 2 weeks later. These analyses indicated that for asthma patients the median number of days between symptom onset and ED visit was 2.0 (mean of 4.4) (27) . Although this appears to be slightly longer than in some reports (28) (29) (30) (31) , it is consistent with one other study among children in Toronto (32) and corresponds to the 2 day lag effect we observed for ozone. While this is not sufficient evidence to infer a causal association, it does suggest that on average, the timing of the ozone effect is consistent with the temporal pattern of asthma exacerbations in this population.
In our study, quadratic, linear-quadratic, and indicator models consistently fit the data better than the linear model, suggesting that ozone effects are reduced or absent below a certain concentration. This is consistent with the finding of White et al. (7) that there appeared to be no effect of ozone on pediatric asthma visits when ozone concentrations were below 110 ppb. This is contrary to the findings in the Ontario hospital admission study in which there appeared to be no concentration at which ozone effects could not be detected (3) . Again, interstudy differences could reflect a variety of factors. Emergency department visitors may, for example, be less sensitive to lower levels of air pollution than patients admitted to hospitals.
We did not detect significant effects of co-pollutants, either on their own or in terms of their impact on the ozone effect.
Given the limited number of sampling days for sulfates and TSP, however, we cannot rule out an association between particles and asthma ED visits. The effects of these variables in other ED visit studies is inconsistent. As noted earlier, in some ED visit studies, other pollutants have had significant effects while ozone did not. In one study in Southern California (20) , a significant ozone effect was noted in the region with the highest ozone levels, while sulfate effects were dominant in other regions. In Saint John, acid aerosols are a potentially important unmeasured co-pollutant in this analysis (33) , and daily measurement of particle strong acidity is now under way to be used in future analyses with respect to ED visits. With respect to weather variables, temperature appears to be an inconsistent explanatory variable in ED visit studies. In one study, it was positively associated with ED visits for various respiratory conditions (20) ; in another study, a positive association was observed in winter and a negative association in summer (21) , while in other studies, temperature was negatively associated (5,6,16,18,195. We observed positive associations between ozone concentration and asthma ED visits for both adult and childhood asthma, although the subgroup analysis for children was not statistically significant. Burnett et al. (3) found that the age group with the largest proportion of asthma hospital admissions attributable to ozone was 0-1 year of age; however, asthma remains an unclear diagnosis in infants (34 those with some other presenting complaint such as shortness of breath or wheezing. In particular, it is unclear whether the former group of patients would tend to have more severe asthma and thus be more sensitive to air pollution and other triggers or alternatively better informed about their condition, better able to manage it, and thus less sensitive. We will be able to assess more accurately how these populations differ with respect to severity, appropriateness of management, and other parameters in subsequent phases of this study.
Conclusions
We detected a significant association between ozone and emergency department visits for asthma 2 days later, despite the vast majority of sampling days being below current U.S. and Canadian standards. The effect of ozone appeared to be reduced or absent when ozone concentrations were below 75 ppb. It was not influenced by the addition of co-pollutants into multivariate models or by the removal of repeat visits. However, given the limited number of sampling days for sulfate and TSP, a particulate effect could not be ruled out. Subsequent phases of this study will shed further light on a number of aspects of the observed association.
